I
n May 2002, the Director of the National Institutes of Health (NIH) convened a series of meetings to chart a "roadmap" for medical research in the 21st century. The purpose of the roadmap is to identify major opportunities and gaps in biomedical research that no single NIH institute could tackle alone, but that the agency as a whole must address to maximize progress in medical research. The ultimate goal of the roadmap is to catalyze changes that are necessary for transforming new scientific knowledge into tangible benefits for people. It proposes a vision for a more efficient and productive system of medical research and identifies the most compelling opportunities in 3 areas: (1) New Pathways to Discovery, (2) Research Teams of the Future, and (3) Reengineering the Clinical Research Enterprise.
The theme of New Pathways of Discovery addresses the need to advance our understanding of complex biologic systems, and to build a better "toolbox" for medical research in the 21st century by providing wide access to technologies, databases, and other scientific resources that are more sensitive, robust, and easily adaptable to the needs of researchers. The Research Teams of the Future initiative seeks to encourage scientists to test alternative models for conducting research, including the pursuit of unexplored avenues of research that carry a high potential for failure but also a greater chance for groundbreaking discoveries; stimulating new ways of combining skills and disciplines in the physical and biologic sciences; and encouraging novel partnerships, such as those between the public and private sectors, to accelerate the movement of scientific discoveries from bench to bedside. Re-engineering the Clinical Research Enterprise is designed to accelerate and strengthen the clinical research process by adopting a systematic infrastructure to better and more efficiently serve the field of scientific discovery.
One of the programs within the re-engineering the Clinical Research Enterprise initiative involves dynamic assessment of patient-reported chronic disease outcomes. Supporting this initiative, in late 2004 the NIH initiated a multicenter cooperative group referred to as the Patient-Reported Outcomes Measurement Information System (PROMIS). PROMIS will build and validate common, accessible item banks to measure key symptoms and health concepts applicable to a range of chronic conditions, enabling efficient and interpretable clinical trial and clinical practice applications of patient-reported outcomes (PROs).
Applications of item response theory (IRT) and advances in computer technology make it possible to improve health status measurement through the development and maintenance of item banks for measuring specified symptoms and health status domains. 1, 2 An item bank is more than a collection of questions about a particular symptom or functional problem; it is comprised of carefully calibrated questions that define and quantify a common concept and thus provide an operational definition of a trait. 3, 4 Item banks enable item comparison and selection and computerized adaptive testing (CAT) tools for tailored individual assessment without loss of scale precision or content validity.
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The PROMIS initiative is designed to help realize this potential at a national level, focusing on several important symptoms and health status domains that have relevance across chronic diseases. Valid, generalizable item banks and CAT tools can stimulate and standardize clinical research across NIH-funded research dealing with PROs. They may also assist individual clinical practitioners in assessing patients' responses to interventions and in modifying treatment plans on the basis of these responses.
PROMIS NETWORK STRUCTURE AND ORGANIZATION
The PROMIS network of clinicians, clinical researchers, and measurement experts is organized around 6 primary research sites (PRSs) and a statistical coordinating center (SCC), all of whom work closely with NIH project scientists representing several institutes of the NIH (Table 1 ). The 6 PRSs include investigators from Duke University, Stanford University, Stony Brook University, University of North Carolina, University of Pittsburgh, and University of Washington, along with several collaborating institutions. The SCC is based at the Center on Outcomes, Research, and Education (CORE) at Evanston Northwestern Healthcare and includes collaborators from UCLA, Rehabilitation Institute of Chicago, United BioSource Corporation and Westat, Inc. Figure  1 displays the organizational structure of the PROMIS.
A steering committee (SC) governs and assumes ultimate responsibility for the priorities and direction of the network. Comprised of the 7 principal grantees and 5 NIH scientists, it is the principal committee through which the NIH interacts and collaborates with the investigators. An independent scientific advisory board (SAB) provides oversight and advice to promote the overall success of the network. It is the responsibility of the SAB to make recommendations that support the exchange of research tools and resources, encourage the adoption of common policies on data sharing, and lead in the creation of item banks. The SAB evaluates the PROMIS activities to ensure that the resources developed will be of maximal utility to the scientific community. The SAB also will solicit input and feedback from stakeholders to ensure the success of the PROMIS initiative. The SAB, appointed by the NIH, consists of 11 experts from academia, government, and industry (http://www.nihpromis.org).
The SCC has responsibility for providing and managing a secure, customizable, coordinated data management system for collection, storage, and analysis of data collected by the PRSs. With guidance from the PRSs and SC, the SCC assembled the PROMIS item banks and other questionnaires to be administered across the network. The SCC also coordinates, facilitates, and maintains information exchange and dissemination across scientific, administrative, and advisory tiers of the PROMIS network; standardizes protocols, study procedures and forms; develops end-user training materials for clinicians who will use the item banks and the CAT system; and works collaboratively with the PROMIS network to develop a public-private partnership to sustain the network beyond the project period. In support of this, the SCC convened a panel of 22 clinical research and health outcomes experts to advise the PROMIS network on relevance and 
PROMIS NETWORK ACTIVITY IN THE FIRST 2 YEARS
PROMIS scientific activity is organized into 2 categories: independent research, conducted by individual PRS groups; and network activity, conducted collaboratively by all PRS group members with the SCC. Table 2 summarizes the independent projects. Articles in this issue 13, 14 describe early progress on 2 of these projects. This article focuses on the network activity over the first 2 years, which has been organized around the creation of the PROMIS Item Library and 3 interrelated protocols: (1) Domain Mapping, (2) Archival Data Analysis, and (3) Qualitative Item Review.
The domain groups combined domain-specific content expertise with analytic input from archival data to develop initial item pools. Each domain group is led by a PROMIS investigator with expertise in the area and includes additional members from across the PROMIS network. Each group also has an SCC liaison from the SCC Analysis Team to facilitate communication and coordination of efforts across domains and across network activities. Several protocols were developed to structure and standardize the effort. Domain group activity was guided by a domain framework protocol; the item review and selection/writing was guided by the Qualitative Item Review protocol, and the analysis of archival data to inform the process of item review was guided by the analysis protocol. Interaction and communication across these 3 protocol-driven activities is depicted in Figure 2 .
Domain Mapping Protocol
The first task of the PROMIS network was to create a protocol for developing a domain map (framework) that portrayed the structure of each target domain and its conceptual framework or, where applicable, hierarchical structure. Existing outcome assessment questionnaires use an explicit or implicit framework that typically includes the concepts of physical function or limitation, mental health or distress, and social function, with many also including symptoms (eg, fatigue, pain). The SC-approved protocol for the domain mapping activity specified that the preliminary PROMIS framework would be developed through independent literature reviews by the Stanford PRS, the Pittsburgh PRS, and the SCC, followed by a consensus-building Delphi process and statistical analysis of available data regarding dimensionality of health status assessment. Early in the first year, the SC endorsed the World Health Organization (WHO) physical, mental, and social framework. 15 Other organizing frameworks were considered, such as the WHO international classification of functioning and a 2-factor model of physical and mental health. However, after discussion and careful consideration, the SC opted to retain the WHO tripartite framework as compelling and sufficiently broad and inclusive to enable important social dimensions of health to be developed further than has been done to date. After achieving consensus on the broad WHO framework, the SC launched the Domain Mapping Protocol. Under this protocol, PROMIS network investigators used a modified Delphi approach to participate in multiple rounds of framework review and revision until consensus was reached on a detailed articulation of subordinate domains beneath the broad physical, mental, and social headings. First published in 2005, 16 this was modified iteratively several times until unanimous agreement was reached from all members of the SC and Domain Committee Chairs. The current version of the PROMIS domain framework and can be viewed at http://www.nihpromis.org/reference_material/ domain_framework.asp.
PROMIS experts in these 3 broad domains reviewed and refined the framework by specifying unidimensional subdomains they determined, through the pooling of literature review, data analysis and consensus, to constitute the domain. Physical health was thereby divided into subdimensions of physical function and symptoms. In turn, physical function was divided into lower extremity function (eg, mobility), upper extremity function (eg, dexterity), and central function (eg, bending; twisting), and instrumental activities of daily living. As an example of the next layer of detail, lower extremity function ("mobility") was conceptually subdivided into categories, such as walking and climbing stairs, each of which was assigned specific items. The identified and prioritized symptom subdimension included pain and fatigue. Working definitions for all domains and subdomains were drafted and are available at www.nihpromis.org. Five subdomains were selected as the initial areas for PROMIS item bank construction: (1) Physical Functioning, (2) Fatigue, (3) Pain, (4) Emotional Distress, and (5) Social Role Participation. In addition to building item banks for these 5 domain areas, 1-2 global items were written to capture an overall evaluation of one's location on each domain, and overall health and quality of life.
Archival Data Analysis Protocol
A protocol for Archival Data Analysis was the second network protocol approved by the SC. The protocol specified an IRT-based statistical analysis plan developed with extensive input from a team of 20 coinvestigators and consultants. 
Qualitative Item Review Protocol
The third protocol activated in the first year of PROMIS was the Qualitative Item Review (QIR) protocol. This protocol was supported by a library of items collected through multiple literature reviews and investigator input.
The PROMIS Item Library
A critical first step in the creation of item banks is the building of an "item library." The PROMIS item library is an extensive relational database of items gathered from existing PROs. The purpose of the library is to support the identification, cataloguing, refinement, and writing of items that serve as candidate items for future PROMIS item banks. The relational database includes several variables of interest including item context, item stem, response set, time frame, and instrument of origin with original item number if applicable. All PRS and SCC investigators submitted PRO instruments and items pertaining to any of 5 selected PROMIS domains (as given in the next section). Items were identified through literature review and expert consultation. Where applicable, the item library also includes data on modifications and intellectual property status of items.
The PROMIS item library includes over 10,000 entries, approximately 7000 of which relate to the 5 health domains chosen for initial bank development. Because of the library's size and the amount of content redundancy among items, a selection process was undertaken as part of the QIR protocol. We refer to this process as "binning and winnowing." First, all items in each domain were classified according to content ("binning"). After this "binning" process, a smaller set of items (approximately 1100) were reviewed and revised by domain experts through the QIR process ("winnowing"). The goal of winnowing was to eliminate those items that were either strikingly dissimilar to the identified domain (face invalidity), or highly similar to a better-worded item (redundancy). For detail, see article by DeWalt et al in this issue 31 Information from the binning and winnowing process was catalogued in the Item Library. SCC staff conducted secondary independent item review to ensure consistency of winnowing across domains.
Although the nearly 7000 relevant items were being "binned and winnowed," focus groups were scheduled across multiple diseases at different sites to evaluate the comprehensiveness of the PROMIS domain framework and note any conceptual gaps in the domain definitions. To evaluate comprehension and relevance of items, cognitive assessments including cognitive interviews were scheduled with patient populations. Items were subsequently revised as needed to improve clarity, precision, readability, translatability, and fit to a CAT framework. The final items were then evaluated on The PROMIS network reached consensus on response options to use in the PROMIS item pool again using a modified Delphi approach. Each domain began by identifying response sets that would be most applicable to their domain. IRT experts provided input regarding the optimal number of response choices within a response set. Also, each domain group identified key instruments to be considered "legacy" instruments. These items will be included in future testing to aid in validation testing of the PROMIS item banks.
Coordinating Early Protocols to Construct Item Banks
As represented in Figure 2 , the Domain Mapping, Archival Data Analysis, and QIR processes are integrated and inform one another. The Domain working groups drive the process and decision making as they receive input regarding activity in each of the protocols. The end result of this interactive process is an item bank ready for network testing. The SCC serves as the hub of communication regarding network efforts. As such, the SCC faces the challenge of integrating the analytic expertise of the SCC analysis team and PRS psychometricians, the clinical and conceptual expertise of the Domain Mapping teams, and the methodological expertise of the qualitative item reviewers. The development of the item banks required extensive communication and interaction to inform not only item selection and writing, but also evaluation of the underlying PRO health model itself. We offer an example of this interaction using the case example of defining the subdomains and optimal items for the ED domain.
Interaction Across Protocols to Drive Item Bank Development: A Case Example
The domain team targeting ED measurement is led by Dr. Paul Pilkonis at the University of Pittsburgh. This group's work focuses on 4 subdomains of ED: anxiety, depression, anger, and substance abuse. The team's goal is to develop 4-item banks that are suitable for evaluation of various clinical populations.
Secondary analyses of several instruments informed the work of the ED Domain team, including the WHOQOL instrument, an internationally recognized instrument with content related to ED. The psychometric evaluations specified in the Data Analysis protocol were applied to the WHOQOL. This analysis was completed by Ron Hays and Karen Spritzer from the UCLA group, which was associated with the SCC. The dataset the investigators used is the largest in the United States to include the WHOQOL measure. 32 The WHOQOL instrument includes measures of thinking (cognition, concentration), body image, and affect. An 18-item subset was evaluated using exploratory factor analysis and IRT modeling. Exploratory factor analysis results indicated 1 main factor and 3 additional factors, suggesting both multidimensionality and content heterogeneity. This multidimensionality contributed to poor fit of the data to unidimensional IRT models. Although the results were discouraging with respect to the prospect of applying IRT to this pool of "emotional" items, the evaluation underscores the benefits of conducting secondary data analyses before committing to what might otherwise seem to be a promising item set.
A different experience occurred with the analysis of the ED items from the CHS. This longitudinal, multicenter study monitored the cardiovascular health of more than 5000 individuals with the goal of estimating the incidence and prevalence of coronary heart disease and stroke. 33, 34 The ED domain team identified 19 items in the CHS database they believed to be relevant to the ED domain. The percentage of missing item responses ranged from 13% to 19%. For most items, responses were skewed toward lower values; that is, relative to the range of the scale, more of the sample reported lower ED. Three of the 4 items that had more than 5 response options had one or more category that was endorsed by less than 1% of the sample.
Another feature evaluated according to the analysis protocol 29 was item monotonicity. Monotonicity refers to the requirement of IRT models that people who rate an item at the lowest (worst) option for that item indeed have worse scores than those who rate that item at the next (better) option. The probability of endorsing or selecting an item response indicative of better health should increase as one's underlying health increases (monotonically up the set of response options). When monotonicity is met, the proportion of people "passing each step" on the response scale is larger for those with higher scale scores. When the predicted order is reversed, this is a "violation" of monotonicity. In this ED domain analysis of the CHS database, only 1 item failed to increase monotonically ("When you have an important decision to make, do you have someone you can talk to about it?"). This item originally had 6 categories (0 ϭ no, 1 ϭ seldom, 2 ϭ sometimes, 3 ϭ often, 4 ϭ very often, 5 ϭ always). The lower categories were disordered, but by collapsing categories 0 -3, monotonicity was restored.
The PROMIS domain framework identifies the subdomains that are hypothesized to comprise each domain. The ED subdomains include "internalizing" symptoms of depression and anxiety, and "externalizing" aspects such as anger and alcohol abuse (see www.nihpromis.org and Ref. 16 ). Based on this hierarchy, the domain team reviewed CHS items originally judged to represent the ED domain. In the original review, the decision was to err on the side of inclusiveness. In the re-examination, however, 7 items were identified as not consistent with the Emotional Distress domain and were reclassified as "Social Functioning." Not all of the retained items fell neatly within a single subdomain. One item was classified as Anxiety, and 3 others were identified as Anxiety/Depression. Six items were classified as Depression, and 2 were classified as tapping positive psychologic states.
Two fundamental assumptions of unidimensional IRT models are that a single trait determines how people respond to items and that those items are locally independent, that is, there should be little association between responses to 2 items beyond that accounted for by the underlying trait. The PROMIS team evaluated the dimensionality and local independence of the CHS ED items using confirmatory factor analyses (CFA). All CFA's were conducted using MPlus 35 
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and tested the fit of a 1-factor model. The estimation procedure used was weighted least squares with mean and variance adjustment. The extent of local dependency was evaluated by examining item residual correlations. When items are perfectly locally independent, correlations between pairs of residuals should be zero. Two separate CFA's were conducted. Item Pool 1 included all items except those reclassified as social support. Item Pool 2 included the subset of items classified either as Anxiety/Depression or Depression Only (excluding social support).
The results for Item Pool 1 indicated poor fit to the unidimensional model and failure of the assumption of local independence. These results supported the decision to exclude the items reclassified as Social Support. The fit for the combined Anxiety/Depression and Depression Only items was below conventional standards for good fit in model testing applications. However, this reduced pool of items more closely approximated a unidimensional model. The items may be "sufficiently unidimensional" for scaling using an IRT model. Analysis of similar data sets may clarify circumstances where it is reasonable to calibrate depression and anxiety items as a single unidimensional pool.
Using Parscale and expected a priori estimation, the 10 Anxiety/Depression and Depression Only items were calibrated using the graded response model. Persons' calibrated Anxiety/Depression scores ranged from Ϫ3.93 to 1.33. The item category difficulties, however, ranged only from Ϫ1.54 to 0.56. If these items were to serve as the core of a CAT item bank, they would need to be augmented with items that better targeted both the low and high ranges of the trait. Such evidence argues for item bank development, which "builds out" from the core set of questions to provide better coverage of the continuum of measurement.
Another goal of the analysis was to assess the functioning of the response scales. When response categories are functioning well, there will be, for each category, some point along the trait continuum at which that category is the most likely response. Of the 10 Anxiety/Depression and Depression Only items, only half the items meet this criterion. The other items functioned, effectively, as 2 or 3 response category items. All of these findings were shared with the ED Domain working group and helped inform the group's item selection and writing activity for the network testing bank.
Software Development
The SCC software development team started work immediately upon grant award. Early efforts were focused on (1) providing support systems for managing existing datasets; (2) developing the database system used to house the item library; and (3) providing technology systems to support binning, winnowing, and QIR. Existing systems provided by the SCC were modified for use in the scheduled mid-2006 network-wide field testing of all candidate items in the new PROMIS item banks. Network data collection is taking place using internet-based testing. In total, approximately 800 PROMIS bank items are being tested alongside established ("legacy") questionnaires in a cross-country sample in excess of 11,000 individuals. The items are administrated with demographics and general health items.
The software development team is also creating a publicly available system to administer the instruments developed by the PROMIS network for use in clinical research. The system will be designed to enable easy modifications and will allow clinical researchers to access a common repository of items and CATs. Information on the requirements of end-users is currently being gathered from network researchers, nonnetwork researchers, study coordinators, research assistants, psychometricians, statisticians, and technology experts, in addition to members of the PROMIS Scientific Advisory Board, and the NIH. The PROMIS Software system will provide online study-setup and management services for study coordinators in addition to CAT-based assessments and short forms for measuring targeted outcomes. Platforms for the software will include stand-alone computers, websites, personal digital assistants, and integrated voice response. In addition it will be possible to upload data from paper and pencil forms to the PROMIS data repository and aggregate those with data collected electronically. In most cases data will be centralized in real time and made available for individual or group reporting on demand. Under the leadership of an independent project at the University of Washington site, all systems are being developed to insure easy accessibility to people with special needs.
Looking Back/Looking Ahead
The PROMIS roadmap effort is an unprecedented major effort across NIH institutes to standardize and promote a common measurement system for PROs across clinical research. It represents a tremendous opportunity to unify the field of PRO measurement. However, this opportunity is not without its challenges and costs. Early decisions had to be made which by design precluded alternative and arguably equally fruitful directions. For example, the SC decided very early on that network-wide testing of PROMIS item banks should occur within 2 years of PROMIS inception. This decision enabled us to plan for a second wave of validation of PROMIS banks in target clinical populations within the initial 5-year funding period. At the same time, it required us to accelerate the consensus building process surrounding the PROMIS domain framework, and to expedite the QIR protocol activity. As a result, the PROMIS domain framework, which is best viewed as a perpetual work in progress, received only limited input from colleagues outside the PROMIS network and its advisors before widespread testing of constituent item banks. Similarly, although the qualitative research that led to the selection, writing, and rewriting of items was extensive and thorough, we continue to analyze the very rich data even after testing had begun. This implies that there may be some items in the banks being tested that could have benefited from further discussion and refining. We justified this approach with our commitment to revise and retest the item banks in clinical samples to obtain validity data in 2007-2009. Another reflection with implications for future consequences regards an emphasis placed by the NIH, the PROMIS SAB, and the PROMIS SC on the needs of the clinical researcher. In an ideal world, PROMIS tools will be useful not only in research but also in clinical practice and health policy applications such as population health measurement or contribution to healthcare reimbursement. Consistent with our roadmap charge, we committed to a clear initial priority by ensuring utility for the clinical researcher. This focus has fueled a productive early emphasis on common chronic medical conditions (eg, cancer, heart disease, depression, arthritis) and clinical trial applications. Collaborations with clinical trials organizations in oncology, diabetes, arthritis, depression, and pelvic floor disorders are underway to test PROMIS measurement tools in clinical trials. In areas outside clinical trials, we have depended upon collaboration with other groups to link PROMIS measures to common measures of population health, or to measure individual patients in clinical practice settings.
Coordinating the PROMIS Cooperative Group in its first 2 years has been challenging and rewarding. The challenge comes from drawing together into a cohesive network several independent research projects led by many of the world's experts in patient-reported outcome measurement and analysis. The reward has been in witnessing how every one of these leaders and affiliated scientists recognize that the PROMIS effort is larger than their individual contributions. Compromise of personal convictions has at times been required. Over these first 2 years this has fostered colleagiality and a conviction that collaboration with respected colleagues outside the network will unify the field.
CONCLUSIONS
Supported by the NIH roadmap effort to re-engineer clinical research, the PROMIS is creating item banks to measure common (generic) health concepts. In our first 2 years, we established an interactive and functional cooperative group governed by a collaborative mix of funded investigators and NIH scientists. Three inter-related research protocols combined expert consensus, rigorous QIR from experts and patients, and empirical analysis of existing data. These efforts informed the building of new item banks that began testing in July 2006. After rigorous psychometric evaluation, the refined item banks will be used to produce clinical research tools such as static short forms and CAT. These tools will be made broadly available for use in clinical research and clinical practice. Collaboration with other groups conducting similar research is strongly encouraged. Information and updates are available at www.nihpromis.org.
